Ref. 86267-27 

Title: Polymer batteries having thermal exchange apparatus 
Field of the invention 

The present invention relates generally to polymer batteries and more specifically to 
a thermal exchange apparatus for polymer batteries. 

Background of the invention 

Rechargeable batteries manufactured from laminates of solid polymer electrolytes 
and sheet-like anodes and cathodes display many advantages over conventional 
liquid electrolyte batteries. These advantages include having a lower overall battery 
weight, a higher power density, a higher specific energy and a longer service life, as 
well as being environmentally friendly since the danger of spilling toxic liquid into the 
environment is eliminated. 

Solid polymer electrochemical cell components include positive electrodes, negative 
electrodes and a separator material capable of permitting ionic conductivity, such as 
a solid polymer electrolyte sandwiched between each anode and cathode. The 
anodes (or negative electrodes) and the cathodes (or positive electrodes) are made 
of material capable of reversibly intercalating alkali metal ions. 

Such advanced battery systems typically produce a significant amount of heat which, 
if not properly dissipated, can result in a thermal runaway condition and irreversible 
damages to the electrochemical cells. The thermal characteristics of a polymer 
electrochemical cell battery must therefore be understood and appropriately 
considered when designing a battery system suitable for use in commercial and 
consumer devices and systems. The conventional approach of providing an external 
heat transfer mechanism for example, is inadequate to effectively dissipate heat from 
internal portions of the polymer electrochemical cell battery. 

Other characteristics of polymer battery technologies provide additional challenges 
for the thermal exchange mechanism. For example, solid polymer cell structures are 
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subject to cyclical changes in volume as a consequence of variations in the state of 
charge of the cell. The total volume of such cells may vary by as much as five to six 
percent or more during charge and discharge cycling. Such repetitive changes in the 
physical size of a cell significantly complicate the mechanical design and the thermal 
management strategy. The volume change of the cells implies that the position of 
each cell of the battery relative to the protective casing will vary with the state of 
charge of the battery. Since heat generated by the individual cells of a polymer 
battery in high discharge mode must be channeled quickly and efficiently to the 
exterior of the battery for dissipation in order to maintain the battery temperature in 
an optimal temperature range, the heat exchange mechanism must be able to 
provide a path for thermal energy regardless of the particular position of each 
electrochemical cell within the casing of the polymer battery. 

Thus, there is a need in the polymer battery industry for a thermal exchange 
apparatus incorporated within a polymer battery casing which is adapted to efficiently 
channel thermal energy between the interior of the battery and the exterior of the 
battery. 

Statement of the Invention 

It is therefore an object of the present invention to provide a thermal exchange 
apparatus incorporated within a polymer battery casing that provides an efficient 
thermal path to dissipate the thermal energy generated by the electrochemical cells 
of a polymer battery regardless of the particular position of each electrochemical cell 
within the casing of the polymer battery. 

According to a first broad aspect, the invention provides a polymer electrochemical 

generator comprising: 

-a plurality of electrochemical cells, each comprising a plurality of electrochemical 
laminates and at least one current collecting terminal having arms adapted to 
receive said plurality of electrochemical laminates; 

-a resilient heat sink material positioned adjacent and in mechanical contact with 
the current collecting terminals, the resilient heat sink material being electrically 
resistive and thermally conductive; and 
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-a thermally conductive structural housing having walls enclosing the plurality of 
electrochemical cells and the resilient heat sink material, an inner surface of at 
least one of the walls being positioned adjacent the resilient heat sink material 
and in thermal contact with the resilient heat sink material, an outer surface of the 
at least one wall adapted to dissipate thermal energy generated by the plurality of 
electrochemical cells. 

In a specific, non-limiting example of implementation, the resilient heat sink material 
conforms at least partially to the contours of the current collecting terminal. The 
resilient heat sink material may be made of different types of resilient material that 
are electrically resistive and thermally conductive, such as a silicone elastomer 
compound including a thermally conductive ceramic filler. 

The heat sink material may include a low friction film positioned between the resilient 
heat sink material and the inner surface of the walls of the thermally conductive 
structural housing. This film is adapted to ease relative movement between the 
resilient heat sink material and the walls of the structural housing. 

According to a second broad aspect, the invention further provides a polymer 

electrochemical generator comprising: 

-a plurality of electrochemical cells, each comprising a plurality of electrochemical 
laminates and at least one current collecting terminal having arms adapted to 
receive said plurality of electrochemical laminates; 

-resilient heat sink pads positioned adjacent and in mechanical contact with the 
current collecting terminals, the resilient heat sink pads being electrically resistive 
and thermally conductive; 

-a thermally conductive structural housing having walls enclosing the plurality of 
electrochemical cells and the resilient heat sink material, an inner surface of at 
least one of the walls being positioned adjacent the resilient heat sink material 
and in thermal contact with the resilient heat sink material, an outer surface of the 
at least one of the walls being adapted to dissipate thermal energy generated by 
the plurality of electrochemical cells; 

-a low friction film positioned between the resilient heat sink pads and the inner 
surface of the at least one of the walls, the film adapted to ease relative 
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movement between the resilient heat sink pads and the at least one of the walls; 
and 

-a heat exchange apparatus positioned adjacent the outer surface of the at least 
one of the walls wherein the heat exchange apparatus is adapted to transfer 
thermal energy from the outer surface of the at least one of the walls to a fluid 
medium. 

Brief description of the drawings 

The invention will be better understood and other advantages will appear by means 
of the following description and the following drawings in which: 

Figure 1 is a schematic cross-sectional view of a polymer battery according to a non- 
limiting example of implementation of the present invention; 

Figure 2 is a enlarged cross-sectional view of a portion of the polymer battery shown 
in Figure 1; 

Figure 3 is a partial perspective view of a plurality of stacked electrochemical cells 
forming a polymer battery illustrating a possible example of implementation of the 
electrical current path for the battery; 

Figure 4 is a schematic cross-sectional view of a polymer battery according to a 
variant example of implementation of the present invention; and 

Figure 5 is a schematic cross-sectional view of a polymer battery according to 
another variant example of implementation of the present invention. 



Detailed description of the invention 



In Figure 1 , there is shown for illustration purposes a specific, non-limiting example of 
implementation of a polymer battery 10 configuration comprising a prismatic 
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assembly of electrochemical cells 12 stacked together. The polymer battery 10 
comprises a housing or enclosure 14, a series of stacked electrochemical cells 12 
each comprising a plurality of individual electrochemical laminates connected 
together in parallel by current collecting terminals 16 and 17, resilient heat sink pads 
18 positioned adjacent the current collecting terminals 16 and 17 and in intimate 
mechanical contact with the terminals 16 and 17, and a pressure system 20 located 
at each end of the electrochemical cells stack and adapted to maintain under 
pressure the electrochemical cells 12. Individual electrochemical laminates generally 
comprise an anode layer, a polymer electrolyte separator layer, a cathode layer and 
at least one current collector. Each electrochemical laminate typically has a 
thickness in the order of 80 to 300 microns. 

In the example shown in Figure 1, one possible implementation of the pressure 
system 20 is depicted. The pressure system 20 is formed of a first plate 22 and a 
second plate 24, each comprising a plurality of cavities 26 in which springs 28 are 
installed. The first plates 22 rest on the inner walls of the casing 14, the second 
plates 24 contact the lateral surfaces of electrochemical cells 30 and 32 located at 
each end of the electrochemical cells stack, and springs 28 push the adjacent plates 
22 and 24 apart such that second plates 24 apply an even pressure on the entire 
electrochemical cells stack. Maintaining the electrochemical cells stack under 
pressure provides more intimate contacts between the various layers of each 
laminate forming an electrochemical cell 12, prevents potential delamination, 
generally improves the overall performance and life of a polymer battery having a 
prismatic configuration of electrochemical cells 12, and is therefore desirable. 

Note that the pressure system 20 depicted in Figure 1 is only one example of a 
variety of different pressure systems capable of applying pressure onto an 
electrochemical cells stack. The scope of the present invention is not limited to any 
one particular implementation of the pressure system 20. 



In the specific example of implementation shown in Figures 1 and 2, current 
collecting terminals 16 and 17 are current collection metallic devices having arms in a 
spaced apart relationship. These arms define a recess that receives the extremities 
of the cathode current collectors and/or of the anodes of each electrochemical 
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laminate, such that the arms of the current collecting terminals 16, 17 overlap a 
portion of the electrochemical cells 12. Current collecting terminals 16 and 17 are 
primarily adapted to conduct electrical current in and out of the electrochemical cells 
12, but also to conduct thermal energy in and out of the electrochemical cells 12. 
The current collecting terminals may also provide electrical connection between two 
adjacent electrochemical cells 12. 

Current collecting terminals 16 are crimped or otherwise connected to the length of 
the cathode current collector edges extending from one side of each laminate of an 
electrochemical cell 12. Current collecting terminals 17 are crimped or otherwise 
connected to the length of the anode film layer edges extending from the opposite 
side of each laminate of an electrochemical cell 12. Current collecting terminals 16 
and 17 are preferably made of copper; however, other electrically conductive 
materials, such as aluminum, silver, brass and alloys thereof, are also suitable. As 
shown in Figure 3, current collecting terminals 16 are disposed along the entire 
length of the cathode side of each electrochemical cell 12 and current collecting 
terminals 17 are disposed along the entire length of the anode side of each 
electrochemical cell 12. Electrical connection leads 40 are typically connected to 
terminals 16 and 17 to monitor the state of each electrochemical cell 12 through an 
electronic control system, and to conduct charge and discharge current in and out of 
the electrochemical cells 12 through a busbar (not shown) to outside positive and 
negative electrical connections of the battery when such a configuration is used. 
Other electrical connection configurations are of course contemplated, such as direct 
series or parallel connections of the electrochemical cells 12 through the current 
collecting terminals 16 and 17 and to outside positive and negative electrical 
connections. During charge and discharge cycling, electrical current is conducted 
through the current collecting terminals 16 or 17, and through outside positive and 
negative electrical connections. 

During electrical discharge, the electrochemical cells 12 produce an appreciable 
amount of thermal energy which is preferentially conducted along the anode and 
cathode films of each laminate, thus sharing the same conductivity path as that for 
the electrical energy produced, and through the current collecting terminals 16 or 17. 
As such, the current collecting terminals 16 and 17 respectively disposed along the 
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edge portions of the extended anode and cathode film layers of each electrochemical 
cell 12 provide a site for establishing both electrical and thermal connectivity with the 
exterior. 

Heat generated by the electrochemical cells 12 is transferred through the length of 
current collecting terminals 16 and 17, to an adjacently disposed heat sink material, 
such as resilient pads 18, and onto an adjacent wall of housing 14. 

As is shown in Figure 2, the current collecting terminals 16 and 17 provide a thermal 
flux path for transferring thermal energy Q between the electrochemical cells 12 and 
an electrically resistive, thermally conductive, resilient heat sink material 18. This 
heat sink material 18 is located adjacent and in intimate mechanical contact with the 
current collecting terminals 16 and 17. Thermal energy Q is then transferred from 
resilient heat sink material 18 to the inner surface of the wall of housing 14 positioned 
adjacent and in thermal contact with resilient heat sink material 18. The housing 14 
is a thermally conductive structure, made of metallic, plastic or composite material, 
such that thermal energy Q is transferred through its walls to an outer surface of the 
walls, which is adapted to dissipate the thermal energy Q generated by 
electrochemical cells 12. 

Note that resilient heat sink material 18 as described herein refers to a resilient 
material that permits heat to be conducted therethrough, yet is electrically resistive to 
the flow of current relative to the current path provided along the length of current 
collecting terminals 16 and 17. In a specific example, the heat sink material is in the 
form of pads or ribbons of heat sink material extending along the length of the current 
collecting terminals 16 or 17. 

The resilient heat sink material 18 is separated into a plurality of ribbons in the form 
of pads extending along the length of the current collecting terminals 16 and 17. The 
heat sink pads 18 extend along the entire length of the current collecting terminals 16 
and 17, such that the contact surface area is large for efficient thermal energy 
transfer. Heat sink pads 18 have a thickness that permits a sufficient amount of 
thermal energy to be conducted therethrough but is resistive to electrical current 
relative to the preferred electrical current path provided by the current collecting 
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terminals 16 and 17. By way of example, the thickness of heat sink pads 18 may 
vary between 2mm and 10mm. 

The heat sink pads 18 illustrated in Figures 1 and 2 may be made of different types of 
electrically resistive, thermally conductive material. In one example, the heat sink 
pads 18 are made of a silicone elastomer compound including a thermally conductive 
ceramic filler, such as Beryllium Oxide, Boron Nitride, and Alumina or aluminium 
oxide. The silicone elastomer compound is a compressible yet slightly sticky material 
having a yielding consistency that enables it to conform at least partially to the 
contours of the current collecting terminals 16 and 17 as shown in Figures 1 and 2, 
thereby increasing the contact surface area between heat sink pads 18 and current 
collecting terminals 16 and 17. The thermal conductivity coefficient of the silicone 
elastomer is typically about 2 W/m-K to 6 W/m-K. 

Note that the resiliency of the heat sink pads 18 also provides dampening for the 
electrochemical cells 12 against vibrations or mechanical shocks transferred from the 
housing 14. 

As previously mentioned, solid polymer electrochemical cell structures are subject to 
cyclical changes in volume as a consequence of variations in the state of charge of 
the cell. The total volume of each electrochemical cell 12 may vary significantly 
during charge and discharge cycling, for example by as much as eight percent. Even 
with an adequate pressure system 20 to maintain the electrochemical cells stack 
under pressure, the variation of volume of each electrochemical cell 12 implies a 
lateral movement of each cell 12. Although this lateral movement is relatively small 
for the cells positioned in the middle of the stack, it is quite significant for the cells 
positioned at the extremities of the stack, such as cells 30 and 32. The volume 
change of each cell 12 is compounded to displace an adjacent cell 12 towards the 
outside or, in the particular configuration of Figure 1 , towards the second plates 24 of 
the pressure system 20, such that the cells 30 and 32 positioned at the ends of the 
stack have a significant displacement relative to housing 14. The pressure system 
20 maintains pressure on the electrochemical cells stack but permits this lateral 
movement of each cell 12. 
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As shown in Figure 2, in order to accommodate the lateral movements of the 
electrochemical cells 12 and their respective current collecting terminals 16 and 17, 
the heat sink pads 18 are provided with thin backing films 33 having a low friction 
coefficient. These low friction films 33 allow the heat sink pads 18 to follow the lateral 
movement of the electrochemical cells 12. Each thin backing film 33 is positioned 
between the respective heat sink pad 18 and the inner wall of housing 14, such that 
the assembly formed of the backing film 33 and the heat sink pad 18 may slide 
relatively smoothly along the inner wall of housing 14, thereby preventing undue 
mechanical strain on current collecting terminals 16 and 17 when movement of the 
latter occurs. The backing film 33 and heat sink pad 18 assembly is juxtaposed to a 
restricted number of current collecting terminals 16 and 17, to further prevent 
mechanical strain on the current collecting terminals 16 and 17 when electrochemical 
cells 12 expand and contract. 

While the backing film 33 may be less thermally conductive than the heat sink pad 
18, the film 33 still provides an uninterrupted thermal path for thermal flux Q. The 
backing film 33 is shaped to confine the respective heat sink pad 18 to its respective 
current collecting terminals 16 and 17 and as such comprises a pair of arms 35 and 
37 extending towards electrochemical cells 12. In the example of implementation 
shown in Figures 1 and 2, each arm 35, 37 extends between two adjacent cells 12. 
Backing film 33 therefore acts as a low friction support for the respective heat sink 
pad 18 and as a circumscribing element to position and maintain the heat sink pad 
18 juxtaposed to its corresponding current collecting terminal or terminals 16, 17. In 
a specific, non-limiting example, the backing film 33 is a 0.03 to 0.3mm thick 
polypropylene, polyimide or polyethylene film, shaped to circumscribe the respective 
heat sink pad 18. In another example, the backing film 33 is a Kapton© film or an 
anodized aluminum film. The material of the backing film 33 is chosen for its 
compatibility with the various components of the electrochemical cells, its thermal 
conductivity and its friction coefficient. 

In a variant example of implementation of the present invention, the backing film 33 
may be replaced by a liquid or gel lubricant film applied either on the respective heat 
sink pad 18 or on the inner wall of housing 14 or both, for easing relative movements 
between the heat sink pad 18 and the inner wall of housing 14. 
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In the aforementioned examples of implementation, each heat sink pad 18 is 
associated with a pair of electrochemical cells 12. Alternatively, each heat sink pad 
18 may be juxtaposed or combined to a single electrochemical cell 12, or to three or 
more electrochemical cells 12, depending on the expansion rate and lateral 
displacements of the particular electrochemical cell design. 

Figure 4 illustrates another variant example of implementation of a polymer battery 
according to the present invention, in which the housing 50 is provided with a heat 
exchange apparatus positioned adjacent the outer surface of its walls or integrated 
into its walls. The heat exchange apparatus is adapted to increase the capacity of 
the outer surface of the walls for increased dissipation of thermal energy. In Figure 4, 
the housing 50 is provided with finned outer walls, including a series of projecting 
vanes 52 used for cooling. Air circulating around the projecting vanes 52 serves to 
dissipate the thermal energy generated by the electrochemical cells 12. In a specific 
example, the amount of air circulating around the vanes 52 may be adjusted by using 
a fan (not shown), which produces an air stream around the finned outer walls of 
housing 50. 

Figure 5 illustrates yet another variant example of implementation of a polymer 
battery according to the present invention, in which the housing 54 includes channels 
60 provided within the walls 56 and 58 adjacent the heat sink pads 18. Heat transfer 
or dissipation is accomplished by circulating a coolant fluid in liquid form through the 
channels 60 of housing 54. Thermal energy is transferred from the electrochemical 
cells 12 to the coolant via current collecting terminals 16 and 17 of the type described 
hereinabove. More specifically, the current collecting terminals 16, 17 are attached 
to the cells 12 and are in mechanical contact with the heat sink pads 18, which are in 
thermal contact with the housing walls 56 and 58 that transfer thermal energy to the 
circulating coolant liquid. The rate at which heat is removed from the cells 12, or 
introduced into the cells 12 if heating of the cells 12 is required, is dependent in part 
on the temperature and flow rate of the coolant fluid circulating through channels 60. 



In some instances, such as in cold weather, the optimal operating temperature of the 
electrochemical cells of the battery is significantly higher than the ambient 
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temperature. In such instances, heat may be supplied to the electrochemical cells 
through the heat exchange apparatus and the heat sink pads 18 in order to raise the 
temperature of the electrochemical cells or to maintain the electrochemical cells at 
their operating temperature. 

In the polymer battery examples shown in Figures land 3 to 5, a series of six 
electrochemical cells 1 2 are shown in the cell stack. Note however that a variety of 
cell stack configurations are possible without departing from the scope and spirit of 
the present invention. For example, up to thirty-two electrochemical cells 12 may be 
stacked within the housing 14 shown in Figure 1. The design of the electrochemical 
cells themselves may vary significantly, such that a larger number or a smaller 
number of electrochemical laminates may be stacked together. 

Although various embodiments have been illustrated, this was for the purpose of 
describing, but not limiting, the invention. Various modifications will become 
apparent to those skilled in the art and are within the scope of this invention, which is 
defined more particularly by the attached claims. 
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